Objective: Many adolescents do not meet national guidelines for participation in regular moderate or vigorous physical activity (PA); limitations on sedentary behaviors; or dietary intake of fruits and vegetables, fiber, or total dietary fat. This study evaluated a health carebased intervention to improve these behaviors.
T
HERE IS A NEED TO IMPROVE diet, physical activity (PA), and sedentary behaviors in childhood and adolescence. 1, 2 Poor dietary behaviors are a known risk factor for the development of obesity, as well as for the nation's 3 leading causes of death: coronary heart disease, cancer, and stroke. A diet rich in fruits and vegetables and low in fat is recommended for preventing these chronic diseases. 1, [3] [4] [5] [6] [7] [8] [9] [10] Energy intake has increased from the 1970s to 2000; according to the National Health and Nutrition Examination Survey, 11 children aged 6 to 11 years were consuming 133 kcal/d more in 2000 than they were just a decade earlier. Although national surveys indicate a decline in the average proportion of calories from total and saturated fat over the past several decades, the Centers for Disease Control and Prevention (Atlanta, Ga) estimated in 2000 that
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only 38% of individuals aged 2 years and older met the recommendation for total fat intake, and 41% met the recommendation for saturated fat intake. 11 There is strong evidence of the health benefits of PA, 1, 12 including improvements in longevity, cardiovascular diseases, cardiovascular disease risk factors, diabetes, obesity, osteoporosis, immune functioning, certain types of cancer, and mental health. Recent guidelines from the Dietary Guidelines for Americans 13 and an international consensus group recommend 60 minutes of daily PA for youth. 14, 15 Although national survey data in the United States indicate that about two thirds of adolescent boys and one half of adolescent girls are meeting an adultoriented recommendation for vigorous activity, 16 objective measures suggest less than 40% of teens are meeting the 60-minute guideline. 17 Girls, older adolescents, minorities, and disadvantaged youth are even less likely to be meeting this recommendation. 1 Sedentary behaviors, particularly television viewing, are the most consistent behavioral predictor of obesity in adolescence. 18 Intervention studies show that decreasing television time is an effective method of reducing body mass index (BMI [calculated as weight in kilograms divided by the square of height in meters]) in children. 19 Substitution of PA for sedentary behaviors and increases in activity level predict 6-and 12-month reductions in BMI. 20 In addition, targeting either decreased sedentary behaviors or increased PA isassociatedwithsignificantdecreasesinpercentagesofoverweight people and body fat and improved aerobic fitness. 21 Obesity in adolescence is becoming increasingly prevalent. Thirty years ago, the prevalence of obesity among adolescents aged 12 to 19 years was approximately 6%. As of the year 2002, more than 16% of adolescents were obese in the United States, 22 and this increased prevalence of childhood obesity has been universal in all age, sex, and ethnicity classifications. Childhood obesity is increasingly recognized as one of the nation's most important health issues. 2 Interventions to improve diet, PA, and sedentary behaviors in youth can be implemented with families, in schools and communities, or in conjunction with health care. The evidence of effectiveness of most interventions is modest, [23] [24] [25] and evidence of the efficacy of health care-based interventions for these behaviors is limited to obese children and their families. 26 Based on promising feasibility and acceptability data from adolescents, their parents, and clinicians, 27, 28 we conducted a randomized controlled trial of a multimodal intervention, Patient-centered Assessment and Counseling for Exercise ϩ Nutrition (PACEϩ), to improve diet and PA behaviors in adolescents that could be initiated in primary care. We hypothesized that, compared with control adolescents, adolescents who completed computer-generated tailored Progress Plans addressing PA and diet behaviors, followed by brief provider counseling and 1 year of tailored telephone and mail guidance, would significantly improve PA, diet, and sedentary behaviors.
METHODS

PARTICIPANTS
Adolescents between the ages of 11 and 15 years were recruited through their primary care providers. A total of 45 primary care providers from 6 private clinic sites in San Diego County, California, agreed to participate in the study. A representative group of healthy adolescents seeing primary care providers was sought by contacting parents of adolescents who were already scheduled for a well child visit and by outreach to families with adolescents. Adolescents were excluded if they had health conditions that would limit the ability to comply with PA or diet recommendations. Parents gave written consent for their child to participate and each adolescent provided signed assent. Participants and parents knew the study involved randomization to either a PA and diet intervention or the comparison sun protection intervention and were not blinded to the intervention. After baseline measures but before seeing the provider, participants were randomized to either the PACEϩ intervention condition or the sun protection control condition. The study was approved by the participating health care organizations and university institutional review boards for research with human subjects.
INTERVENTION
The PACEϩ intervention (Figure 1 ) was designed to promote adoption and maintenance of improved eating and PA behaviors through a computer-supported intervention initiated in primary health care settings. This was coupled with a printed manual to take home and 12 months of stage-matched telephone calls and mail contact. There was a parent intervention intended to help parents encourage behavior change attempts through praise, active support, and positive role-modeling. The intervention was based on a behavioral determinants model, 29 social cognitive theory, 30 and the Transtheoretical Model of Behavior Change. 31 The initial intervention component used a computer expert system on a kiosk in the clinical office to assess 2 nutrition target behaviors (total intake of fat, servings per day of fruits and vegetables), PA target behaviors (moderate and vigorous PA), and sedentary behaviors. A brief screening survey was used to identify patients with disordered eating, and the computer encouraged the adolescent to ask a parent or guardian for assistance with completing the assessment if needed. Stage of readiness to make a behavior change was assessed for each behavior using a simplified 3-stage model. The computer then guided the adolescent to develop stage-appropriate and tailored behavior-change Progress Plans for 1 nutrition and 1 PA behavior (either increasing minutes of PA per day or decreasing sedentary behaviors). All Progress Plans enabled the adolescent and provider to sign it as a behavioral contract.
After the adolescent completed the computer assessment, a printed Provider Summary highlighted patient-reported behaviors (both PA and nutrition), compared them with national guidelines, and displayed the behaviors the adolescent targeted for change. The Provider Summary alerted providers to areas of concern related to weight, disordered eating, or unwillingness to make changes. Providers were trained in 2-hour group sessions that included review of written materials and role-playing examples. Providers were taught to spend approximately 3 to 5 minutes counseling patients, endorse or modify the plans, and encourage full participation in the intervention.
The next component of the intervention was delivered by a 16-section printed Teen Guide, mail, and telephone using stagebased cognitive and behavioral strategies to support changes in target behaviors. The Teen Guide was provided to the adolescent after completion of the provider visit, and each section provided 2 to 3 pages of information or rationale on a specific target behavior or behavior change strategy (eg, decisional balance, self-monitoring). Most sections had worksheets to enhance the adolescent's participation in learning and applying the given strategy to each target behavior. Over the 12-month intervention, manuals were supplemented by mailed worksheets and tip sheets (REPRINTED) that allowed further tailoring by providing more guidance on change strategies, more information on foods or activities, or answers to frequently asked questions. Telephone counselors selected the most relevant tip sheets for each target behavior based on the content of each counseling call and participant questions/ comments (discussed later in this article). Manuals and mailings were written at approximately a fifth-grade reading level. A companion parent manual was provided at the provider visit that supported intervention elements.
Eleven telephone counseling calls were scheduled throughout the 1-year intervention period, each lasting 10 to 15 minutes and conducted by trained research staff. During the first 6 months, 5 intervention calls were directed at the nutrition and PA behaviors that the adolescent chose to target in the initial clinical visit. A call after the 6-month measurement visit used staging data gathered in that visit to develop new Progress Plans for the remaining 2 target behaviors. Five calls were then made over the next 6 months directed primarily at the remaining 2 target behaviors. Counseling calls were structured interactions using the teen guide to help adolescents learn and apply relevant cognitive or behavioral change strategies to modify diet and PA behaviors. Up to 6 attempts were made to reach adolescents for each call. If calls were missed, the next completed call briefly addressed topic areas that would have been covered in the missed call.
Adolescents randomized to the comparison condition received an adaptation of the SunSmart sun protection behavior program developed at the University of Rhode Island, Kingston. 32 SunSmart was based on the transtheoretical model and entailed an initial primary care, office-based, computer assessment of sun protection behaviors followed by computergenerated, printed, stage-based recommendations for improvement such as wearing protective clothing and use of sunscreen. Brief counseling telephone calls were provided by the health counselor at 3 months and 6 months each, followed by a mailed feedback report and tip sheet to encourage continued sun protection behavior. Adolescents received $10 for completing the baseline measures, $15 for completing the 6-month measures, and $20 for completing the 12-month measures. On completion of scheduled measurement visits and monthly telephone calls, adolescents in both the control and intervention groups received lottery tickets for small cash prizes ($10-$50) in lotteries conducted every 6 months.
PRIMARY OUTCOME MEASURES
Assessments were performed by trained staff at baseline before the adolescents went to the provider offices for their initial PACEϩ counseling visits and at 6 and 12 months. The 7-day Physical Activity Recall is one of the most widely studied selfreport measures of PA and has been evaluated with children and adolescents. 33 Subjects report hours spent in sleep and in moderate, hard, and very hard activities over the previous 7 days. The interview takes about 10 minutes to administer and focuses on salient PAs. Standardized interviewer protocol and training methods have produced same-day reliabilities across interviewers of 0.86. 34 In a sample of 102 5th-, 8th-, and 11th-grade boys and girls, the overall test retest reliability was r=0.77. Reliability was not affected by obesity status or memory skills. 33 Validity of the Physical Activity Recall is strongly supported by objective measures. 35 Physical activity was calculated as the sum of reported minutes of moderate, hard, and very hard activities. The number of active days per week was calculated by summing the number of days out of 7 that an adolescent attained at least 30 minutes of vigorous activity, at least 60 minutes of moderate activity, or at least 60 minutes of a combination of vigorous and moderate activity.
Three 24-hour recalls assessed dietary intake at each assessment point. Trained data collectors conducted dietary recalls for 2 weekdays and 1 weekend day using the University of Minnesota NutritionDataSystemforResearchsoftware. 36 Participantsweretaught how to measure food portions with 3-dimensional food models. The first interview was conducted in person and the second and third by telephone (participants were given 2-dimensional food models to use for the second and third assessments). Nutrient variables (percentage of calories from total fat and saturated fat, number of servings of fruits and vegetables, grams of fiber) were calculated by averaging values from the 3 intake records.
Participants completed a self-report measure of recent school day and non-school day time spent watching television, play- ing computer/video games, sitting talking on the telephone, and sitting listening to music. This survey was modified from a validated survey developed by Robinson. 19 Participants responded with an 8-point scale ranging from "none" to "6 hours or more." A composite score of sedentary behavior was calculated from a weighted sum of the school day and non-school day responses, with weights of 5 and 2, respectively.
Physical activity and dietary intake data were used to develop separate variables for direct comparison with national guidelines for number of minutes of PA per day, 15 number of hours of television per day, 37 percentage of calories from total fat and percentage of calories from saturated fat, 37 fruits and vegetables (number of servings per day), and amount of dietary fiber (grams per day). 38 Meeting the active guideline was defined as 5 or more active days per week. The television viewing guideline variable was estimated in the same way as the total sedentary variable using only the television self-report item. A cutpoint of greater than 2 hours per day defined adolescents who were not meeting the television time guideline.
OTHER MEASURES
A wall stadiometer was used to measure standing height. Weight was measured with a calibrated digital scale. Each measure was taken twice and the average of the 2 readings calculated. Body mass index was calculated as weight in kilograms divided by the square of height in meters. Body mass index for age was determined from Centers for Disease Control and Prevention national norms using age to the nearest month and sex-specific median, standard deviation, and power of the Box-Cox transformation. (45 g), and worn on a belt snugly around the waist. Accelerometers stored data as 1-minute averages for a 7-day period. In laboratory and field settings, Computer Science and Applications accelerometers have been shown to be a valid measure for quantifying children's activity levels. 40 Physical activity estimates of daily minutes of moderate (3-5.9 metabolic equivalents [METs]) plus vigorous PA (Ն6 METs) were calculated by averaging across valid days of monitoring for each participant. Accelerometer data were considered a secondary outcome because of considerable missing data due to lost and malfunctioning monitors and compliance with participants wearing the monitor as instructed. Complete and valid data (Ն3 days of 10 h/d of monitoring) from the activity monitors were available for 330 participants at baseline and 12 months. Data on numbers of calls completed to intervention participants were used to categorize adolescents into low-dose treatment and high-dose treatment groups.
STATISTICAL ANALYSIS
All outcome analyses were conducted using the 12-month primary study end points as dependent variables. Analyses were conducted under the intent-to-treat assumption by replacing missing values at the 12-month end point with the most recent available data from either the 6-month or baseline assessment. Dependent variables with nonnormal distributions were either log or square-root transformed. The primary analyses compared differences between the PACEϩ and control group on 5 outcome variables using analysis-of-covariance models controlling for the corresponding baseline outcome measure as well as age (in months), ethnicity (white non-Hispanic, all other races/ethnicities), and BMI z score. These covariates were selected a priori. Secondary analyses used logistic regression models to compare the proportion of PACEϩ and control participants meeting 6 recommended health guidelines at 12 months. These guidelines were also tested with logistic regression models comparing low and high intervention dose levels with the control group. The logistic regression models included the corresponding baseline variable as well as age, ethnicity, and BMI z score as covariates. To aid interpretation of the logistic regression models, odds ratios and 95% confidence interval (CI) boundaries were corrected to risk ratios (RRs) using the method proposed by Zhang and Yu. 41 Because previous research has suggested sex differences in response to PA and diet behavior interventions, 42, 43 all analyses were conducted separately for girls and boys and analyzed using SPSS version 12.0 (SPSS Inc, Chicago, Ill). P values were not adjusted for multiple tests. All reported P values are for 2-sided tests with effects considered statistically significant at PϽ.05. Figure 2 displays the flow diagram of participants through the study. An initial letter was sent to all patients in the eligible age range from participating physicians, informing them that they may receive a telephone call in the next year about a health promotion study. Parents were given the option to send back a postcard requesting that they not be contacted about the study. A total of 1172 (7%) households returned opt-out cards. In response to the letter, some parents called to learn more about the study. After the initial mailing, adolescents were recruited in 2 ways: by calling patients of participating providers when they had an upcoming scheduled doctor's visit and by "cold-calling" patients of participating providers at random who did not return an opt-out postcard from the initial mailing. Baseline assessments were completed by 878 adolescents, 819 of whom began the intervention at the doctor's office and are included in the intent-to-treat analysis.
RESULTS
Recruitment occurred from May 2001 through June 2002.
No differences were found between randomized participants who began the intervention and those who did not begin the intervention (n=59) in terms of age, sex, ethnicity, provider site location, highest household education level, body weight status, or treatment group. No differences were foundbetweeninterventionandcomparisonconditiongroups forsex,age,highesthouseholdeducationlevel,orbodyweight status at baseline. More nonwhite adolescents were randomized to the treatment group (45%) compared with the control group (38%). Table 1 displays demographic and anthropometric characteristics of the study sample. While not fully representative of the San Diego community, in which thoseaged10to17yearsare35%Hispanic,7%AfricanAmeri-can, 12% Asian or other, and 45% non-Hispanic white (San DiegoAssociationofGovernments,March7,2003),thestudy sample was diverse with approximately 42% from races/ ethnicities other than non-Hispanic white. Participants completing assessments at 12 months did not differ from noncompleters by treatment group, provider site location, sex, ethnicity, or highest household education level. However, completers were more likely than noncompleters to have a BMI below the 85th percentile (PϽ.01).
EFFECT ON BEHAVIORAL OUTCOMES
The only significant (PϽ.001) between-group difference that was found for both girls and boys was im- ( 
EFFECT ON MEETING HEALTH GUIDELINES
The proportion of adolescents meeting recommended health guidelines before and after the intervention are displayed in Table 3 . More girls in the PACEϩ group compared with the control group met the guideline for maximum percentage of daily calories from saturated fat at 12 months (RR, 1.33; 95% CI, 1.01-1.68). Changes in the proportion of girls meeting the other guidelines were not different between groups. More boys in the PACEϩ group compared with the control group were meeting the PA guideline at 12 months (RR, 1.47; 95% CI, 1.19-1.75). All other changes in meeting guidelines did not differ between groups for boys.
EFFECT OF INTERVENTION DOSE
The effect of intervention dose was tested by comparing the high and low dose levels with the control group using logistic regression analyses ( Table 4) . The number of completed counselor calls ranged from 0 to 11 out of 11 possible calls. Based on a median split, the "low dose" of 0 to 8 calls was received by 36% of adolescents, while the "high dose" of 9 to 11 calls was received by 64% of adolescents. For girls, receiving the low dose did not lead to meeting any of the health guidelines compared with control group participants while receiving the high dose was related to increased likelihood of meeting the guidelines for saturated fat (RR, 1.36; 95% CI, 1.02-1.73), fruit and vegetable consumption (RR, 1.50; 95% CI, 1.02-2.03), and sedentary behavior (RR, 1.13; 95% CI, 1.01-1.21). Compared with boys in the control group, boys who received both a low dose (RR, 1.74; 95% CI, 1.35-2.06) and high dose (RR, 1.39; 95% CI, 1.06-1.71) of the intervention were significantly more likely to meet the PA guideline.
EFFECT ON BMI
No differences were found at 12 months between groups for BMI z scores, which were normed for age and sex in models controlling for baseline BMI z score, age, and ethnicity. In an analysis of the subgroup of adolescents with a BMI at or above the 95 percentile (n=238), mean±SE BMI z score estimates were 2.08±0.02 for PACEϩ adolescents and 2.12±0.02 for control adolescents (P=.10).
COMMENT
This is the first randomized controlled trial to evaluate the effects of a behavior change intervention for PA, diet, and sedentary behavior that integrates computer-assisted behavior assessment; health care provider counseling; and extended, tailored telephone and mail outreach. This intervention, leading to significant intervention effects on multiple behaviors, was shown to be feasible, with 64% of adolescents assigned to the intervention condition com- pleting at least 9 of the 11 counseling calls. The intervention was effective in reducing sedentary time in both girls and boys, with a net change of approximately 1 hour per day. This is important given that sedentary behaviors can decrease energy intake in nonoverweight adolescents and has been suggested as an important component of interventions to prevent obesity and regulate body weight. 44 The intervention increased the number of days boys met the PA recommendation and the number of days girls met the saturated fat recommendation. These changes were documented for 12 months after the initial provider counseling, supporting the promise of ongoing telephone counseling and targeted materials to support long-term behavior changes. The results of the exploratory analysis of the effects of intervention dose suggest, at least among girls, more frequent outreach and contact can help adolescents make changes in multiple behaviors. This finding suggests the need for research on strategies to maximize participation Abbreviations: CI, confidence interval; PACEϩ, Patient-centered Assessment and Counseling for Exercise ϩ Nutrition; RR, relative risk; TV, television. *Girls (PACEϩ, n = 222; control, n = 216), boys (PACEϩ, n = 202; control, n = 179). Values are percentages of participants unless otherwise indicated. †Relative risk and 95% CI estimated from corrected adjusted odds ratio controlling for age, ethnicity, body mass index (calculated as weight in kilograms divided by the square of height in meters) z score, and baseline status on guideline.
‡These findings differed meaningfully postintervention given that the 95% confidence intervals postintervention did not overlap. in effective interventions that target multiple behaviors. This study helps address the need for research on how multiple health risk behaviors can be evaluated and managed in primary care settings 45 and contributes knowledge about the efficacy of "interactive behavior change technologies" and their utility as a possible adjunct to primary care. 46 Strengths of this research include the large and diverse sample of adolescents, the involvement in the study of a range of primary care settings in San Diego, use of highquality outcome measures, a comparison condition that controlled for many nonspecific aspects of the intervention, and long-term outcome assessment at 12 months.
There are several limitations to this study. Although we attempted to enroll a representative sample of adolescents seen in primary care, self-selection may have led to selection of adolescents and parents with a strong interest in health interventions like those tested and thus might not be generalizable to adolescents at other stages of change. Another concern is that self-report measurement of diet and PA behaviors is always an imprecise process. Although we used measures that have been validated in other studies, this does not overcome their inherent limitations. However, the accelerometer data tend to support our general findings of time spent in PA in accordance with several other studies of adolescent PA. 47 An additional concern in interpreting results is the potential impact on our findings of measurement reactivity in which self-reported behavior is influenced by the measurement process itself. Repeated assessments of the target behaviors as well as extensive surveys on thoughts and actions used to change behaviors (not described in this article) could have motivated and even instructed adolescents in both conditions to change behaviors, and control participants reported improvements in several diet and PA behaviors. Measurement effects have been demonstrated in studies promoting PA through primary care settings, 48 and this also may occur with diet assessment. Finally, our intent-to-treat analysis used the last available value of measures for participants who dropped out. If the effect of the intervention was greater in the beginning than it was at the end, this could bias our findings.
The optimal role for health care providers in helping children and adolescents adopt and maintain healthy PA and dietary behaviors has yet to be established. This study among a group of generally healthy adolescents seen in primary care suggests limited effects of provider counseling, even when it is supported by an intervention like PACEϩ. More intensive interventions, perhaps using a "stepped care" approach that varies the intensity of the intervention, are showing promise in adults 49 and also may be appropriate in childhood. The increasing prevalence of problems such as childhood obesity that result from poor diet and PA, and the recognition that many childhood diseases such as diabetes and hypertension have better outcomes with improvements in these behaviors, suggest the continued need for research in this area. Author Contributions: Dr Patrick had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Financial Disclosure: Drs Patrick, Calfas, and Sallis are co-owners of, and receive income from, the Center for Health Interventions, LLC (San Diego, Calif), which is developing products related to the research described in this paper. The terms of this arrangement have been reviewed and approved by San Diego State University and the University of California, San Diego, in accordance with their respective conflict-of-interest policies. Funding/Support: This project was supported by grants R01 CA081495 and R01 CA098861-03S1 from the National Institutes of Health National Cancer Institute, Bethesda, Md.
